The proximate, amino acid and fatty acid compositions of the fillet and oil of two commonly consumed fresh water fishes -Clarias gariepinus (Catfish) and Oreochromis niloticus (Tilapia) -were evaluated in this study. The samples were separately boiled, roasted (over hot charcoal) and fried using different types of oils (palm oil, groundnut oil, soybean oil and refined palm oil) and the effect of the processing methods on the nutritional composition was determined. The moisture content ranged from 76.27% for catfish to 79.97% for tilapia while the oil content ranged from 7.80% for tilapia and 11.00% for catfish. Ash content was in the range 8.03 -9.16% and the protein content was 15.83 -18.48%. The cooking methods resulted in a variation in the nutrient composition but no significant variation was observed in the amino acid composition except for the samples fried with palm oil which recorded significantly reduced essential amino acid contents. All the fish samples -both fresh and processed -have amino acid scores less than 100, with lysine, threonine and the sulfurcontaining amino acids being among the limiting amino acids. Both fish samples contain more unsaturated than saturated fatty acids.
INTRODUCTION
Fishes are highly nutritious, tasty, and easily digested protein source for a large population in many developing countries. While marine fishes are generally cheaper when compared with fresh water fishes in Nigeria (1), fresh water fishes are increasingly becoming more abundant, constituting close to 70% of the total fish supply in Nigeria (2) . Freshwater fishes are found in freshwater bodies, including streams, rivers, ponds and so on (3). They are available and abundant in riverine areas. About 41% of all known fish species are found in fresh water. In Nigeria and other developing nations of the world, fish is a very common and abundant animal protein source because it is cheaper than meat and the supply is relatively stable (4) . About 60% of people in many developing countries are believed to depend on fish for more than 30% of their animal protein supplies (5) .
Fishes generally contain very high moisture content, very little carbohydrate, and vitamins and minerals in trace quantities (1) . Most fish species contain between 60 -80% moisture, 15 -26% protein and 2 -13 % fat (6) . The fat contents vary with species, age, size, and season.
Fishes that are high in oil are known as fatty or oily fish and the dry matter may contain as much as 30% oil, while those that are low in oil are known as white fish. Fishes are generally rich in all essential amino acids, especially those that are in low quantity in cereals such as lysine. Fish protein can therefore serve as an amino acid supplement, improving the amino acid supply and the quality of protein in the diet (7) .
The part of fish that is mostly consumed is the muscle (8) and it contributes both fatty acids and amino acids to diets. Ordinarily, consumption of animal protein usually results in a high consumption of saturated fats which is quite unhealthy for the heart; however, fish consumption does not have that problem because of its low content of fats generally and saturated fatty acids in particular. It affords the patient the opportunity to obtain good quality dietary protein without excessive fat consumption. Fish is therefore recommended for a good cardiac health.
Several varieties of fish species abound in the various water bodies in Nigeria and they serve both as food and as economic resource to the country. Prominent among these species are croakers, catfishes, tilapias, threadfins, soles and the clupeids and these account for close to 90% of Nigeria's fishes (9). This represents a major source of animal protein supply to Nigeria, which ordinarily has low protein consumption (10) . In recent times, there has been an increase in fish farming in Nigeria, especially of African catfish (Clarias gariepinus) and the tilapia family because they grow very fast and also because of their ability to tolerate different environmental conditions and temperatures (11) .
The two fish species chosen for this work were because of their abundance and good consumer acceptance. Clarias gariepinus is one of the most farmed fish in tropical and sub-tropical Africa and many Nigerians now farm the species either as a hobby or as a means of livelihood.
Oreochromis niloticus, though not as farmed as C. gariepinus, is highly prolific and low in fat.
In spite of the economic values and availability of these fishes, there is limited data on the nutritional composition of the samples and especially how processing may affect the nutritional quality. Previous report on marine water fishes (1), (4) have shown that processing does affect the nutritional and amino acid composition of marine water fishes, generally leading to a reduction in the nutritional values.
This work therefore aims to determine the proximate, fatty acid and amino acid composition of two freshwater fish species and to determine how the different methods of boiling, roasting and frying with different types of oil may affect these parameters.
MATERIALS AND METHODS

Collection and preparation of samples
Two freshwater fish species were used in this study -African sharp-tooth Catfish 
Sample Treatment
Upon arrival at the laboratory, the fish samples were washed and cut into pieces. The head and viscera were removed and the pieces were thoroughly washed again with domestic water and then with distilled water. The pieces (about 90 g each) were separated into seven parts.
One of the seven divisions was set apart as the control (raw), one was boiled and another roasted. The remaining four parts were separately deep-fried in four different cooking oils (palm oil, soybean oil, refined, decolorized palm oil and groundnut oil). Common procedures for preparation of fish for table consumption were followed. The boiling was done with domestic water for 10 minutes until the pieces were tender; the roasting was carried out with heat from hot charcoal for about 15 minutes and the deep -frying was done in a frying pan for 15 minutes. No ingredient or additive was added for the cooking. The bones were removed from the samples but the skin was not removed. The fish fillets were then mashed and the moisture content was determined immediately. The dried samples (after moisture content determination) were ground using mortar and pestle, wrapped in aluminum foil and then polyethylene bags before they were labelled and refrigerated (4) .
Analytical Procedures
Standard methods of the Association of Official Analytical Chemists (AOAC) were adopted for the analyses of the samples (12). 2.0 g of each sample was heated to a constant weight in a crucible placed in an oven maintained at 105 °C to determine the moisture content. Crude fat was determined using a Soxhlet extractor and n-hexane as the extractant. Nitrogen content was determined by the Kjeldahl method, using 2.0 g of dried, defatted samples the crude protein was calculated as % total nitrogen x 6.25. Ash was determined by the incineration of 1.0 g of dried, defatted samples placed in a muffle furnace at 550°C for 5 hours.
The fatty acid profile of the oils extracted from the samples was determined by Gas Chromatography. The oil samples were re-extracted with redistilled n-hexane, filtered through anhydrous Na2SO4 and the solvent was removed using a rotary evaporator (12) [1206] Software) with nitrogen as the carrier gas.
Amino acid content determination was carried out by ion exchange chromatography (13), using the Technicon Sequential Multisample (TSM) Amino Acid Analyzer (Technicon Instruments Corporation, Dublin, Ireland). 2.0 g of sample was defatted using chloroform/methanol, hydrolyzed using 6 M HCl and the hydrolysate was injected into the TSM analyzer for separation and characterization. Tryptophan content was not determined.
The amino acid score for the essential amino acids was calculated using the formula (Eq. 1) (14): 
Statistical analysis
Results are expressed as mean ± standard deviation of triplicate trials. SPSS version 16.0 was used for the statistical analysis. One way analysis of variance (ANOVA) and Duncan's multiple range tests were carried out and statistical significance of differences were accepted at the 5% limit (P ≤ 0.05).
RESULTS AND DISCUSSION
The results of the proximate composition of the two species are presented in Table 1 . The moisture contents of catfish samples range from 76.27% in the fresh sample to 54.29% in the sample fried in soybean oil. For tilapia fish samples, moisture contents range from 79.97% in the fresh sample to 32.62% in the groundnut oil-fried sample. The moisture content of the two species are in the same range (76.27 -79.97%) for the fresh samples but tilapia fish appeared to be more affected by processing, especially frying, resulting in a greater loss of the moisture content observed in tilapia than catfish. Catfish has a higher fat content (11%) than tilapia (7.8%). However, tilapia absorbs more fat during frying than catfish, resulting to a higher fat content observed in the fried samples of tilapia than catfish. The ash contents of both species reduce with processing while the protein content of both increase with processing except the protein content of C. gariepinus which decreased slightly but not significantly on boiling. The moisture contents obtained for the two fish species were in the ranges previously reported by other workers (5), (17), (18), etc. The moisture contents generally reduced with processing with the reduction being more pronounced and significant in the fried samples than in the other processed samples. On the other hand, the fat content increased as a result of processing with the increase being more pronounced in the fried samples. The fat content results showed that C. gariepinus is a medium fat fish while O. niloticus is a low fat fish species. Several factors affect the fat content of fish samples including species, geographical region, age, and diet (19) . C. gariepinus used in this study were farmed and thus fed with artificial and controlled diets, whereas the O. niloticus was free and thus were feeding on naturally available diets; this could significantly impact on the proximate compositions, hence acids while for O. niloticus, the acid amino acids increased slightly while both the sulfurcontaining amino acids and the aromatic amino acids recorded only slight variations. Frying with crude palm oil appeared to have the worst effect on the quality of amino acids for both fish species. Although it resulted in an increase in total amino acids for O. niloticus and only a slight decrease for C. gariepinus, the number of limiting amino acids increased as a result of the loss of the essential amino acids.
Previous workers have reported varying effects of processing on the protein and amino acid contents of fish samples. While some reported no significant effect on protein and amino acid contents following boiling and frying (21), others reported that heat processing resulted in reduction in protein value by destroying the constituent amino acids or making them unavailable (22) . This may imply that the length of time of heat treatment also contributed to the change in amino acid contents of the fish samples. Our previous work on marine water fishes (4) had reported that boiling and roasting had no significant effect on the amino acid composition of the four fish samples investigated while frying resulted in a significant reduction in essential, sulfur-containing and aromatic amino acids. Samples fried with palm oil also reported the lowest values of essential amino acids and they were also the only samples with limiting amino acids. These results therefore suggest that processing has different types of effects on different fish types but frying has the worst kind of effect as far as protein quality is The results of the fatty acid analysis of both fish species, presented in Tables 5 and 6, show that both species contain more unsaturated fatty acids than saturated, and that palmitic acid is the main saturated fatty acid in both species. Oleic acid is the major unsaturated fatty acid in both species with linoleic acid, linolenic acid and palmitoleic acid also being present in varying amounts. PUFAs regulate prostaglandin synthesis and accelerate wound healing (23) , (24) and the ω-3 and ω-6 PUFAs have been reported to contribute positively to the treatment of cardiovascular diseases and cancers (25) . Increasing the consumption of fish and fish products, which are rich in polyunsaturated fatty acids, is therefore desirable for human health (26) , (27) . The contents of PUFAs in different fish species and even among freshwater and marine fish may vary (28) and the results obtained here have indicated that there was indeed a variation in the composition of PUFA in the two fish species.
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CONCLUSION
This study has shown that C. gariepinus had medium oil content while O. niloticus was low in oil contents. The two species have also been shown to be low in some essential amino acids and the methods of table preparation may further reduce the amino acid composition. Frying did exert a significant effect on the amino acid composition of the samples but when palm oil was used in the frying process, there was observed a significant reduction in protein quality in terms of loss of the amino acids, especially the essential amino acids; thus frying with palm oil is not a nutritionally beneficial method of table preparation of fresh water fish.
